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APPENDI X B
DESI GN CALCULATI ONS

1.0 | NTRODUCTI ON

Thi s appendi x presents a description of the general types of
cal cul ations that may be required for ACP applications. Based on
the specific type of AOP technol ogy sel ected and specific types
of equi pnent and accessories used, additional calculations may be
required. Although the calcul ations described refer primarily to
W/ H,O, applications, several of these cal cul ati ons shoul d be
used in conjunction with other calculations that are required in
t he devel opnent of the design for the entire treatnent process or
treatnment facility. Design exanples illustrating the use of
several of these calculations are presented in Appendi x E

2.0 PURPOSE

The primary purpose of the AOP design calculations is to
provi de design criteria for sizing equipnent for editing guide
speci fications and devel opi ng construction draw ngs. Based on the
prelimnary selection of equipnent, additional calculations can
al so be perforned to determ ne paraneters such as utility
requi renents and supporting nmechani cal and el ectri cal
di stribution systens.

3.0 DESIGN BASIS AND DATA SOQURCES

Several types of data sources can be used for the basis of
the design cal cul ations. Typical sources of data include pre-
engi neering design reports and treatability studies, standard
reference materials, and other sources such as tel ephone
conversations. Any source of data or basis used for the design
cal cul ations should be identified and referenced appropriately in
t he design anal ysis.

3.1 PRE-ENG NEERI NG DESI GN AND TREATABI LI TY STUDI ES

Pre-engi neering design reports and treatability studies
(i.e., laboratory, bench-scale and/or pilot-scale testing) are
typically used as the basis of the design cal culations. Before
the AOP design cal culations are perforned, the specific
paranmeters should be identified, if possible, fromthese sources.
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Each data source used should be clearly identified within the
design cal cul ation and properly referenced with the date, title,
or other pertinent information that will identify the data source
and its validity.

3.2 REFERENCE MATERIALS

Data and information fromreference materials, other than
data from pre-engi neering design and treatability studies, can
al so be al so used for AOP design cal cul ations. Reference
materi als consi st of applicable codes, standards, textbooks,
standard tabl es, and manufacturers* catal ogs and exanpl es of
manuf acturers™® literature. Each reference source used shoul d be
properly referenced with the date, title, issue, or other
pertinent information to assure conplete identification.

3.3 TELEPHONE CONVERSATI ON RECORDS

In addition to reference and design data fromthe design
anal ysis report, tel ephone conversations w th equipnment suppliers
and manufacturers and regul atory agencies may al so be used for
t he design calculations. A record should be maintained including
date, person talked to and short summary of the conversation.

4.0 COMPOSI TI ON AND CONCENTRATI ON DEPENDENT CALCULATI ONS
Conmposi tion- and concentrati on-dependent cal cul ations are

performed to provide the design basis for sizing the AOP

equi pnrent and for rel ated operation requirenents. These types of

cal cul ations can be categorized as pretreatnent cal cul ati ons and

process cal cul ati ons.

4.1 PRETREATMENT CALCULATI ONS

Pretreatnent cal cul ations include those required to provide
the initial basis for sizing equipnment and process conditions
such as mass bal ance cal cul ati ons and determ nati on of the
requi red AOP capacity.

4.1.1 Mass Bal ance Cal cul ati ons

The mass bal ance cal cul ati ons shoul d be perfornmed based on
previously determ ned hydraulic flow rates and contanm nant
concentrations for each streamto determ ne the total mass fl ow
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rate of contam nants to be treated. These cal cul ati ons are based
on the mass bal ance equati on:

Mass Qut = Mass In

The “mass out” termrefers to the total TOC or specific
target conmpound(s) to be renoved by AOP. This termis determ ned
fromthe “mass in” termthat is determ ned by the sumati on of
mass flow rates fromeach stage as determ ned by nultiplying flow
rates by contam nant concentration fromeach unit. To aid in
t hese cal cul ations, a flow schematic show ng both hydraulic flow
rates, solid concentrations, and nmass flow rates to and from each
process unit should be devel oped.

Based on the cal cul ati ons of total mass of contam nant
generated on a daily basis, other process cal cul ati ons can be
performed to determ ne the capacity of the AOP, oxidant dosage,
chem cal feed systens, and ot her accessories.

4.2 PROCESS CALCULATI ONS

Process cal culations include those related to the
determ nation of design criteria and sizing of storage
containers, chem cal feed systens, and accessori es.

4.2.1 Storage Cal cul ations
Several types of storage containers may be required for AOCP
appl i cations including:
1 equal i zation tanks for storage of influent wastewater if flow
fluctuations occur;

effluent holding tank for quality checks of the treated
wat er prior to discharge;

hydr ogen peroxi de storage tank, and

ot her chem cal storage tanks, if applicable.

4.2.2 Chem cal Feed Systens

Chem cal feed systens may include tanks and punps for pH
adj ust nent, hydrogen peroxi de feed, and catal ysts feed system
The cal cul ations of the chem cal dosage per day will be based on
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the influent wastewater flow rates, contam nant concentrations,
and the chem cal dose required to adjust pHto a desired |evel.

5.0 SUPPORT UTILITY REQUI REMENTS

Based on the initial selection of equipnent, utility
requirenents for ventilation, power, water, air, telephone, and
other utilities can be cal cul ated. Al though sone of these
cal cul ations may be determined as requirenents for the entire
treatnent facility, increnmental calculations may be required that
apply specifically to equipnment or facilities required for
filter-press applications.

5.1 SPECI AL VENTI LATI ON SYSTEMS

Typically, ventilation calculations are perfornmed with
heating ventilation and air conditioning cal culations for the
entire treatnment facility and are not specifically perfornmed for
the AOP application. Under normal conditions, as described in
Subsection 10. 3.3 of Appendix A, the mninmumventilation rate of
six air changes per hour for summer ventilation and three air
changes per hour for winter ventilation should be applied.
However under specific applications, such as those in areas where
dust is possible, additional ventilation requirenents and
cal cul ations nmay be required.

5.2 PONER REQUI REMENTS

Several types of calculations for power requirenments can be
used in the design of an ACP application including a normal | oad
and | ead protection analysis, a ground fault current analysis,
and |ighting analysis. These types of calculations are usually
performed as part of the electrical calculations provided for the
entire treatnent facility. Because these types of cal cul ations
are application and equi pnent-specific only, a description of
t hese types of cal culations foll ows.

The normal | oad and | oad protection analysis consists of the
determ nation of electrical |oad requirenents for the AOP and
associ at ed conponents such as punps and controls, air conpressor,
air cooler/chiller for the cooling systemand ozone thernal
destruction unit(s), if applied. Once the |l oad analysis is
performed, a | oad protection analysis is then perfornmed to ensure
t he proper design and placenment of circuit transformers for the
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overcurrent protection of individual conponent fromits power
source. The ground fault current analysis is also perforned to
determne the rated listing for individual conponents.

In addition to direct power requirenents, |ighting
calculations are typically provided with power requirenent
cal cul ati ons. However, the lighting cal cul ati ons and associ at ed
requi renents are typically provided with the entire treatnent
facility*s general |ighting calculations, unless special |ight
requi renents for platforms, nmezzanines, or catwal ks are required.

5.3 WATER REQUI REMENTS

Water requirenents for AOP applications include water
required for cooling of the reactor and/or ozonator, fire
protection and potable water. Water requirenents for cooling are
determ ned by cal cul ations required for the reactor and/or
ozonator. Water requirenents for fire protection are typically
determ ned by calculations required for the entire treatnent
facility. Potable water requirenents are based on frequency,
duration, and quantity required for each specific systemwthin
the AOP application. Systens that typically require potable
wat er include: dilution water for chem cal preparation, dilution
wat er for lanp acid wash, energency shower and eye wash. Based on
the specific requirenents for each of these applications,
calculations will be perfornmed for the quantity of potable water
requi red and associ ated di stribution systens.

5.4 AR REQUI REMENTS

In general, calculations for air requirenents are based on
the frequency, duration, quality, and pressure of air required to
perform several functions with AOP applications. Typically, two
types of air quality are required for AOP application:
instrunment air and plant air. The instrunent air is typically
passed through an air cooler and air dryer to produce a dry
quality air required for pneumatically operated controls.
Al t hough two types of air are required, only one air conpressor
systemis typically required to distribute the air requirenents
to supporting systens. Therefore cal cul ations that are perforned
for the air systeminclude those for sizing the air conpressors
and those for sizing air distributions systens.
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The air conpressor systemis of typical size based on the
cal cul ations of the sumof the air requirenents and the highest
pressure required. The air is then distributed to the air
di stribution system by pressure regul ators. Additional
cal cul ations perforned for the distribution systens include those
required for sizing storage receivers, air dryers, and
di stribution piping system These calculations are primrily
based on the specific air requirenents for each individual
demand.

High quality air is also required for the process gas of the
ozonator (if air is used to generate ozone) . Because the
specific cal cul ati ons are equi pment specific, only a description
of calculations that may be required are presented in this
appendi Xx.

5.5 TELEPHONE LI NE REQUI REMENTS

A tel ephone connection or cellular telephone is required to
order supplies, contact energency services, and provi de nor mal
communi cations. The specific requirenents are typically
determ ned for the site conditions and specific control outputs
requiring renote alarnms and specified within the guide
specification interfacing with other controls requiring renote
alarms within the treatnent facility.

6.0 ADD TI ONAL REQUI RENENTS

In addition to the process, nechanical and el ectri cal
cal cul ations, additional design requirenents and cal cul ati ons
that may be required for AOP applications include those rel ated
to architectural requirenents such as the determ nation of aisle
space, equi pnent cl earances, and storage space; structural
requi renents for the AOP treatnent units, supporting accessories,
and chem cal storage; operation and mai ntenance provisions; and
heal th and safety requirenents. However, these types of
cal cul ations are application specific, and, therefore, no
specific calculations are provided in this appendi x.




